To evaluate the presence of Escherichia coli O157, cloacal swabs were collected from 60 adult frogs kept as pets and analyzed by culture methods and multiplex polymerase chain reaction for stx1, stx2, and E. coli attaching and effacing (eae) and hly genes. The pathogen was isolated from two samples and both carried stx2 gene. This is believed to be the first report of natural E. coli O157 infection in living frogs.
Shiga toxin-producing Escherichia coli (STEC) are food-borne pathogens of worldwide importance. Human infection with STEC is associated with bloody diarrhea, hemorrhagic colitis, hemolytic uremic syndrome, and thrombotic thrombocytopenic purpura (Paton and Paton, 1998; Karmali, 2004) . The most epidemic STEC serotype is E. coli O157, which occurs in the fecal flora of healthy domestic animals, with ruminants considered to be the main reservoir (Caprioli et al., 2005) . Natural infection with E. coli O157 has not been explored in amphibians even though colonization of this pathogen has been shown experimentally and may culminate in fecal excretion (Gray et al., 2007) . This study was undertaken to evaluate the presence of E. coli O157 in frogs kept in captivity.
During June 2007-January 2009, cloacal swabs were collected from 60 adult frogs of seven species that were clinically healthy and kept as pets. The frogs were selected from 13 private owners from the western side of the Campania region (southern Italy) between the Province of Napoli and the Province of Caserta. Each owner lived in an urban area and kept a single species of frogs in each tank, except one owner who kept two species in the same tank (Table 1 ). The corners of the collection area were 40u549060-40u469380N, 14u029450 -4u099420E and 41u099130-40u539570N, 13u549270-14u009320E, respectively. Adult frogs were purchased by the owners at exotic animal fairs. The animals were housed in terrarium or aquaterrarium systems. An aquaterrarium is an aquarium tank partitioned by glass and aquarium sealant with one side filled with fresh water and the other a dry substrate created with pebbles. Large rocks served as a slope so the amphibians could easily reach the land from the water and vice versa. Ten tanks housed five frogs each, except two tanks housed four frogs each, and one tank housed two frogs. The environmental temperature was 20-30 C, depending on the species and the system used (Table 1) .
Cloacal swab samples were collected from each frog using a sterile, cottontipped swab. A 25-ml water sample was collected from the water source for each tank (i.e., tap water) and from the tank itself; surface samples (i.e., from the glass of the tank, rocks and pebbles) were also collected using a sterile, cotton-tipped swab. All cloacal swab samples were inoculated into 10 ml of modified tryptone soy broth (Oxoid Ltd., Basingstoke, Hampshire, United Kingdom) supplemented with novobiocin (Oxoid), transported at 4 C to the laboratory, and analyzed within 1 hr of collection. Samples were incubated at 4161 C, for 12-18 hr. Water samples were processed as suggested by Sargeant et al. (2003) .
One milliliter of each culture medium was added to 20 ml of magnetic beads coated with antibody to O157 (Dynal Biotech ASA, Oslo, Norway) and immunomagnetic separation was performed according to the manufacturer's instruc-tions. The magnetic beads were inoculated onto sorbitol MacConkey agar (Oxoid) supplemented with cefixime-tellurite (Oxoid) and Chromogenic E. coli O157 Agar (Biolife Italiana S.r.l., Milan, Italy). After incubation at 37 C for 18-24 hr, sorbitolnegative colonies were selected and screened for O157 antigen by agglutination with an E. coli O157 latex test kit (Oxoid).
Isolated E. coli O157 were subcultured on washed sheep blood plates and incubated overnight at 37 C. During incubation, enterohemolysin production was evaluated according to Beutin et al. (1996) . All isolates that were confirmed to be E. coli O157 by chromogenic E. coli O157 agar and latex test kit were subjected to a multiplex polymerase chain reaction (PCR) assay to determine the presence of stx (stx1 and stx2) and the E. coli attaching and effacing (eae) and hly genes. DNA extraction and multiplex PCR assay for stx1, stx2, eaeA, and hlyA gene amplification were performed as described by Wang et al. (2002) . GeneRuler 100-bp Ladder Plus (Fermentas International Inc., Burlington, Ontario, Canada) was used as a molecular weight marker.
The PCR products were separated by electrophoresis on 1.5% agarose gels (Gibco-BRL, Technologies, Gaithersburg, Maryland, USA), stained with ethidium bromide and visualized under UV light. Polymerase chain reaction amplified without the DNA was used as negative control; whereas, one reference E. coli O157 ATCC 43894 strain (LGC Standards, Teddington, UK) was used as positive control. Escherichia coli O157 was isolated from one specimen each of two species of frogs (Agalychnis callidryas, Bombina orientalis) out of 60 cloacal samples analyzed (Table 1) . The PCR results supported the presence of the stx2 gene in both positive samples, but not the other virulence factors investigated. The environmental samples were consistently negative except for the water contained in the tank housing the two positive frogs.
Because it produces Shiga toxins, which cause hemolytic uremic syndrome in humans, E. coli O157 is a major food safety concern. Cattle are known reservoirs of E. coli O157; STEC has been isolated from several animal species but never frogs, although colonization following experimental infection of E. coli O157 can occur (Gray et al., 2007) . To our knowledge, this is the first report of natural infection by E. coli O157 in captive anurans, suggesting that frogs may serve as a natural host for this pathogen. Frogs analyzed in this study were mainly kept as pets and thus could act as a potential source of E. coli O157 infection for the owners. Therefore, it would be important to minimize the risk of zoonotic spread by encouraging humans to follow proper hygiene practices when handling these amphibians. Gray et al. (2007) suggested bullfrogs as suitable hosts for E. coli O157 following experimental infection and our results suggest frogs may serve as natural hosts for E. coli O157. Thus, we suspect that this infection may occur in free-ranging anurans and anurans may play a role in transmission of this pathogen in the wild. Further transmission may occur when captive animals are released into wetland systems (i.e., lakes, rivers, ponds). Water contaminated with E. coli O157 by frogs could be a source of infection for wild animals and cattle, as well as for crops if the water is used for irrigation. Further studies are needed to understand the mechanisms and the possible routes of infection reported in the frogs examined in the present study. Because the frogs positive for E. coli O157 were purchased as adult frogs from exotic animal fairs, it was impossible to establish their exact origin. Although, source water samples (i.e., tap water) were consistently negative, water samples from the tanks containing the infected frogs were positive for E. coli O157. Hence, we could hypothesize that the frogs were excreting the pathogen and may have been infected before or during the exotic animal fair.
In conclusion, until more is known about the epidemiology and prevention of these infections in anurans, caution should be exercised in translocation, husbandry, and human contact with these animals.
